Objective: This study was performed to investigate the serum vascular endothelial growth factor (VEGF) levels in Chinese patients with impaired glucose tolerance (IGT) and newly diagnosed type 2 diabetes mellitus (T2DM). Methods: A total of 189 subjects (41 controls, 40 patients with IGT, and 108 patients with newly diagnosed T2DM) were recruited. Serum VEGF levels were determined by ELISA; other metabolic parameters were assessed by standard laboratory methods. Results: There were significant differences in serum VEGF levels among the T2DM, IGT, and control groups (T2DM vs. controls: 72.00 [45.40, 98.35] 10 [36.30, 116.25] pg/mL). Moreover, serum VEGF levels were positively associated with the homeostasis model assessment for insulin resistance (HOMA-IR) value. Multiple linear regression analysis indicated that the HOMA-IR value was an independent risk factor for elevated serum VEGF level. Conclusions: Both IGT and T2DM patients exhibited increased serum VEGF levels, compared with controls; increased serum VEGF level was positively associated with the HOMA-IR value. Therefore, the increased serum VEGF level might partially result from increased insulin resistance in these patients.
Introduction
Vascular endothelial growth factor (VEGF) is a growth factor that induces angiogenesis in vascular endothelial cells. 1 In addition, VEGF is a key element in the pathogenesis of cardiovascular diseases (CVDs), 2 and is regarded as a predictor of cardiovascular risk. 3 CVD is the principal cause of disability and death among patients with diabetes mellitus, which exacerbates atherosclerosis. Several studies have demonstrated that serum VEGF levels were elevated in patients with diabetes complications. 4, 5 However, to the best of our knowledge, there have been no assessments of the VEGF level involved in impaired glucose tolerance (IGT) or the relationship between VEGF and insulin resistance in Chinese populations. Therefore, our study investigated serum VEGF levels in a Chinese population with newly diagnosed type 2 diabetes mellitus (T2DM) or IGT to elucidate the relationship between serum VEGF and insulin resistance.
Methods

Subjects
Subjects were enrolled from February 2016 to July 2018 by the Department of Endocrinology at Beijing Chao Yang Hospital. An oral glucose tolerance test was performed by administering 75 g of glucose in the morning after overnight fasting. During the oral glucose tolerance test, blood samples were obtained at 0 and 120 minutes. The exclusion criteria were pregnancy or possible pregnancy, CVD, liver and renal function impairment, thyroid disease, infectious disease, cancer, and/or systemic inflammatory diseases. All subjects had received no diabetes medication and/or had not undergone diet therapy before the present study. None of the subjects had been using agents known to influence glucose or lipid metabolism. All subjects received written information about the study and provided written informed consent to participate. The study was approved by the ethics committee of Chao-yang Hospital in Beijing, China, and the study protocol was designed in accordance with the guidelines of the Declaration of Helsinki.
Data collection and laboratory tests
All subjects underwent clinical assessments of age, sex, height, and weight. The total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), uric acid (UA), and homocysteine (HCY) were enzymatically determined (Dade Behring Diagnostics, Deerfield, IL, USA). Fasting serum insulin (FINS) was measured using a chemiluminescence immunoassay with an Access 2 immunoassay system (reference interval: 1.9-23 mIU/mL; Beckman Coulter, Inc., Brea, CA, USA). Serum VEGF levels were determined by ELISA, in accordance with the manufacturer's protocols (R&D Systems, Minneapolis, MN, USA). HbA1c was measured by the HLC-723G7 analyzer (reference interval: 4%-6%; Tosoh Corporation, Tokyo, Japan). Body mass index (BMI) was calculated as weight (kg) divided by the height squared (m 2 ). The homeostasis model assessment index of insulin resistance (HOMA-IR) and b-cell function (HOMA-b) were calculated using the following equation: HOMA-IR ¼ (fasting insulin Â fasting plasma glucose)/22.5; HOMA-b ¼ 20 Âfast-ing insulin/(fasting plasma glucose-3.5). 6 Statistical analyses. Data were analyzed using IBM SPSS Statistics, version 19.0 (IBM Corp., Armonk, NY, USA). Continuous data (e.g., BMI, age, fasting blood glucose [FBG] , HbA1C, TC, LDL-C, and HDL-C), are expressed as mean AE standard deviation. Because some data (i.e., TG, FINS, HOMA-IR, HOMA-b, and serum VEGF level) were not normally distributed, the values are expressed as median (interquartile range). Variables that were not normally distributed were log-transformed before statistical analysis. Comparisons among groups were performed using analysis of variance with post hoc least significant difference test. Associations between the serum VEGF level and other parameters were examined using Pearson's or Spearman's rank correlation analyses and multiple linear regression analysis. Two-tailed P < 0.05 was considered statistically significant.
Results
Clinical characteristics and metabolic parameters of control, IGT, and T2DM subjects A total of 189 subjects were enrolled in the study. Based on the 2013 American Diabetes Association diagnostic criteria, 7 our study included 108 individuals with newly diagnosed T2DM, 40 individuals with IGT, and 41 individuals with normal glycemic tolerance (controls). The characteristics and parameters of the three groups are summarized in Table 1 . The T2DM, IGT, and control groups showed no differences in sex, age, or BMI. The serum levels of HOMA-IR value, FBG, and HbA1c were significantly higher in the T2DM group than in the control group. The HbA1c level and HOMA-IR value were significantly higher in the IGT group than in the control group. Compared with the value in the T2DM group, serum HOMA-b values were significantly higher in the control and IGT groups. Compared with the level in the control group, median serum VEGF levels were significantly higher in the T2DM and IGT groups (T2DM vs. 
Correlations between VEGF and other variables
We assessed the relationships between serum VEGF levels and other variables in all individuals and found that the serum VEGF level was positively associated with the HOMA-IR value (r ¼ 0.306, P < 0.05) ( Table 2 ). However, we found no significant relationships between VEGF and any of the following factors: sex, age, BMI, HbA1c, FBG, TG, TC, HDL-C, LDL-C, UA, or HCY. The relationships between serum VEGF levels and metabolic parameters were explored within each group. In the T2DM and IGT groups, the serum VEGF level was positively associated with the HOMA-IR value (r ¼ 0.317 and 0.579, P < 0.05), whereas no significant relationships were found between VEGF and any of the following factors: sex, age, BMI, HbA1c, FBG, TG, TC, HDL-C, LDL-C, UA, or HCY. In the control group, no significant relationships were found between VEGF and any of the following factors: HOMA-IR value, sex, age, BMI, HbA1c, FBG, TG, TC, HDL-C, LDL-C, UA, or HCY.
Multivariate linear regression analyses of factors associated with VEGF levels
After adjusting for changes in sex, BMI, age, HbA1c, TG, TC, HDL-C, LDL-C, UA, and HCY, the HOMA-IR value was the only significant predictor of an increased serum VEGF level in all subjects (b ¼ 0.306, P < 0.05) ( Table 2 ), particularly The serum VEGF level was significantly higher in the IGT group than in the control group (P < 0.05), and the serum VEGF level was significantly higher in the T2DM group than in the control group (P < 0.05). Abbreviations: VEGF, vascular endothelial growth factor; IGT, impaired glucose tolerance; T2DM, type 2 diabetes mellitus; NGT, normal glycemic tolerance. *: IGT vs. controls, P < 0.05, #: T2DM vs. controls, P < 0.05. in the T2DM and IGT groups (b ¼ 0.342 and 0.745, P < 0.05) ( Table 3) .
Discussion
T2DM patients are at high risk of CVD, but it is unclear whether this risk is present for prediabetic patients. The present study is the first to show that serum VEGF levels were increased in both IGT and T2DM patients in a Chinese population. Furthermore, the serum VEGF level was positively associated with the HOMA-IR value. Multiple linear regression analysis revealed that the HOMA-IR was a significant predictor of increased serum VEGF levels in all subjects. VEGF is a growth factor that can induce angiogenesis in vascular endothelial cells, and is a significant regulator of angiogenesis in both physiological and pathological conditions. 8 VEGF is a key factor in the maintenance of normal endothelial function under physiological conditions; however, abnormally high VEGF concentrations will cause aberrant angiogenesis. 9 Several studies have demonstrated that serum levels of VEGF were higher in patients with coronary artery disease and peripheral vascular disease, compared with normal subjects. [10] [11] [12] [13] Additionally, in patients with acute myocardial infarction, serum VEGF levels were significantly higher than those in normal subjects; however, these levels were reduced after heparin administration or percutaneous coronary intervention. 14, 15 Data from a study by Zou et al. 16 showed that increased spontaneous production of VEGF-A may induce angiogenesis after acute myocardial infarction by initiating the production of reactive oxygen species and inducing the endoplasmic reticulum stress-autophagy axis in vascular endothelial cells. Data from a study by Celletti et al. 17 demonstrated that recombinant human VEGF could increase atherosclerotic plaque formation and progression. VEGF has been regarded as a predictor of cardiovascular risk: serum VEGF levels correlated significantly with cerebrovascular accident risk scores and 10-year CVD risk. 3 Our study found that the serum VEGF levels of the T2DM group were significantly higher than those of controls; moreover, serum VEGF levels were higher in IGT patients. Consistent with these findings, a recent study in Finland showed that serum VEGF levels were significantly higher in subjects with prediabetes and diabetes than in normoglycemic subjects. 18 Therefore, we presume that diabetes patients and IGT patients both carry significant cardiovascular risks.
In our study, the serum VEGF level was positively associated with the HOMA-IR value. Multiple linear regression analysis found that the HOMA-IR value was the only significant predictor of increased serum VEGF levels. Insulin resistance is significantly associated with CVD and endothelial dysfunction. Furthermore, insulin has an important role in vasodilatation in the endothelium through the activation of endothelial nitric oxide synthase (eNOS) and subsequent production of nitric oxide (NO). 19 Our previous study revealed that insulin resistance induced endothelial dysfunction through reduced expression of eNOS and impaired NO production. 20 Changes in the production of VEGF by activated proinflammatory cells are related to environmental/ambient oxidative stress. 21 VEGF is reportedly regulated by insulin, inflammatory cytokines, and peroxisome proliferator-activated receptor c activators. 22, 23 Insulin regulates expression of the VEGF gene and myocardial vascularization through the activation of the insulin receptor in the PI3K/Akt pathway. When this pathway is selectively inhibited, myocardial VEGF expression and capillary density are reduced in patients with insulin resistance. 24 Several studies have shown that hyperinsulinemia and insulin resistance are independent predictors of ischemic heart disease. 25, 26 Kaess et al. 27 reported that the relationship between the risk of CVD events and circulating levels of VEGF exhibits an inverted U shape. In addition, a higher VEGF level is presumed to serve as a compensatory response for atherosclerosis-related ischemia through the promotion of neovascularization. Oduk et al. 28 showed that the administration of VEGF nanoparticles could significantly improve cardiac performance, angiogenesis, infarct size, wall thickness, and myocardial hypertrophy. Notably, VEGF is regarded as an important factor in the neovascularization of proliferative diabetic retinopathy. 4 Clinicians now use intravitreal injections of anti-VEGF biologics to reduce VEGF signaling in the retina. 29, 30 In patients with diabetes, circulating VEGF may become an important marker for prediction of the severity of diabetic renal disease; 31 in particular, VEGF-A is reportedly significantly higher in patients who have both diabetes and end-stage renal disease. 5 Insufficient insulin bioavailability and action in diabetes may trigger VEGF release and neovascularization. 32 Furthermore, overexpression of VEGF could cause a lack of insulin sensitivity. 33 Our study results showed that the serum levels of VEGF in the T2DM and IGT groups were significantly higher than the level in the control group; in addition, the serum level of VEGF was higher in the IGT group than in the T2DM group, but the levels were not significantly different between the two groups. We speculate that the increase in serum VEGF level during the early stage of diabetes might have beneficial compensatory effects in T2DM and IGT subjects.
Our study had three limitations. First, it was a cross-sectional study, so it could not demonstrate a causal relationship between insulin resistance and VEGF level. Second, it was a small-scale study and might have involved sampling errors that affected the results. Larger clinical trials and animal studies are needed to confirm our findings. Finally, our study only included Chinese individuals; therefore, our research results might not be generalizable to other ethnic groups.
Conclusions
Serum VEGF levels were increased in both IGT and T2DM patients in a Chinese population, and were positively associated with the HOMA-IR values in these patients. Increased insulin resistance might partially explain increased VEGF levels in IGT and T2DM patients, relative to controls.
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